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It is desired to perform frequency-wave number analysis on

data from a P X Q element hydrophone array. it is assumed that
the array may be mapped onto a plane, a sector of a sphere or a
sector of a cylinder. A 3-dimensional frequency-wave number,
averaged spectrogram is to be computed. The computation is to be
performed using a VAX 11/780 mainframe computer in combinationIwithaFP P-10 iaigpntgmypcgev AI --
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Continued from Block #20

output and intermediate data is to be stored on RP06 disk drives.

This report presents an evaluation of computation time, AP12OB
array processor memory requirements and disk storage requirements as
a function of N=P x Q and M, the number of frequency cells to be
analyzed. Equations are presented relating computation time and

disk storage requirements to P. Q and M independently for both the
terporal processing (time to frequency computation for each hydro-
phone waveform) and the spatial processing (2-dimensional wave number
computation for each frequency cell selected). 'lhe equations have
been evaluated using BASIC and the BASIC programs have been included
along with representative results for selected values of P, Q and M.
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I tSUMMARY

It is desired to perform frequency-wave number analysis on
data from a PxQ element hydrophone array. It is assumed that
the array may be mapped onto a plane, a sector of a sphere or a
sector of a cylinder. A 3-dimensional frequency-wave number,
averaged spectrogram is to be computed. The computation is to
be performed using a VAX 11/780 mainframe computer in combina-
tion with an tF% AP-120B floating point array processor. All
input, output a d intermediate data is to be stored on RPO6 disk
drives.

This report presents an evaluation of computation time,
AP120B array processor memory requirements and disk storage re-
quirements as a function of N=PxG and Ms the number of frequency
cells to be analyzed. The evaluation is based on a preliminary
software design with the intent of obtaining "order of magni-
tude" sizing extimates. Equations are presented relating compu-
tation time and disk storage requirements to P, 0 and M indepen-
dently for both the temporal processing (time to frequency com-
putation for each hydrophone waveform) and the spatial process-
ing (2-dimensional wave number computation for each frequency
cell selected). The equations have been evaluated using BASIC
and the BASIC programs have been included along with representa-
tive results for selected values of P, 0 and M.

The resulting times and memory requirements are presented
in Appendix I for temporal processing and Appendix II for spa-
tial processing. Various array configurations are considered
(different values of P and 0). For Temporal processing M is
taken as 4096. For Spatial processing, results are computed for
M of 1024, 2048 and 4096. A summary of the results is presented
below. The times given are for EACH iteration of the averaging
process. The total time is the time given below times the
number of computations averaged for each output point.I

3 TEMPORAL PROCESSING

Hydrophones Time Disk Memory AP120 Memory3 (sec) (Bytes) (Bytes)

36 10.7 2097150 49152
144 38.2 6291460 49152
256 62.0 8388610 49152
512 124.0 16777200 49152
1024 247.9 33554400 49152
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SPATIAL PROCESSING

Phone Phones Time (sac) Disk Me. (mBytes) AP120 (kByte.,
in X in Y 1024 2048 4096 1024 2048 4096 1024 2048 4096

6 6 100 200 401 2.10 4.19 8.39 1.28 1.28 1.28
12 12 214 427 854 8.39 16.8 336 5.12 5.12 5.12
16 16 249 497 85 8.39 16.8 33.6 5.12 5.12 5.12

16 32 447 894 1788 16.8 33.6 67.1 10.2 10.2 10.2
32 32 846 1691 3383 33.6 67.1 134 20.5 20.5 20.5

U It is important to note that the primary consideration of
this study is development of techniques for reducing the pro-
cessing time. In particular, the major contributor to the pro-
cessing time is disk reads and writes. This report describes an
approach for organizing the data on the disk so that the disk
read and write times can be minimized. Although significant
time savings are achieved in this way, it is achieved at the ex-
pense of requiring special disk routines be written to achieve
multiple record read and write from contiguous files.
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Il'l 1.0 Introduction

It is desired to perform frequencv-wave number analysis on
data from a PxG element hydrophone array. It is assumed that
the array may be mapped onto a plane, a sector of a sphere or a
segment of a cylinder. An appropriate coordinate system will be
chosen to permit the use of standard FFT analysis in all threeI dimensions (one temporal and two spatial). A 3-dimensional fre-
quencV-wave number, averaged spectrogram is to be computed. The
computation is to be performed using a VAX 11/780 mainframe com-
puter in combination with an FPS AP-120B floating point array
processor. The VAX 11/780 has 3mBytes of RAM. It is assumed
that 2. 1mBytes may be assigned to data array storage. All
input, output and intermediate data is to be stored on RPO6 disk
drives.

This report was prepared by Dynatron Corporation for the
Office of Naval Research (ONR) under contract N00014-83-C-0728.
It presents an evaluation of computation time and disk storage

requirements as a function of N-PxQ and M, the number of fre-
quency cells to be analyzed. The evaluation is based on a prel-
iminary software design with the intent of obtaining "order of
magnitude" sizing extimates. Equations are presented relating
computation time and disk storage requirements to P, G and M in-
dependently for both the temporal processing (time to frequency
computation for each hydrophone waveform) and the spatial pro-
cessing (2-dimensional wave number computation for each frequen-
cy cell selected). The equations have been evaluated using
BASIC and the BASIC programs have been included along with re-
presentative results for selected values of P, Q and M.

The report is organized in the following way. Section 2
presents a brief description of the technique used to process
the hydrophone data. The particular approach was devised by Dy-
natron as minimizing computation time and disk storage require-
ments. Section 3 provides the equations used to derive the com-
putation times and disk storage requirements for both the tempo-
ral and spatial processing. Sample results and BASIC programs
are presented in Appendices I and 1I. Appendix I addresses tem-
poral processing and Appendix II addresses spatial processing.

2.0 Frequency-Wave Number Analysis Technique

This section presents a brief description of the processing
technique recommended by Dynatron. In particular, a data reord-
ering algorithm has been selected which minimizes the disk oper-
ations required to perform "corner turning" between the temporal
and spatial processing steps.

*-3-
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The processing to be performed involves a 12-dimensional"
PxG element hyjdrophone array. The hidrophone array is mapped
onto a plane# a sector of a sphere or a segment of a cylinder.I Sampled time data from the array of N-PxQ hydrophones has been
previously acquired and stored on disk. The data has been or-
dered into N files, with each file containing the total time
historyj for a single hydrophone.

The analysis technique that will be considered here con-
verts this data into a frequency-wave number spectrogram by the
process shown in Figure 1 and outlined below.

DP EIL19ENIT
IWWT F TRG

I10WMOL

fig. I

FFWEUECY WAVE NUMEA ANALYSIS

-4-



I

i I  2.1 Temporal Processing

Ui The first step in the computation process is conversion
from real time samples into complex frequency data. Each hydro-
phone is processed independently.

1. 8192 time samples from each hydrophone file are read'
sequentially from disk into a buffer in memory. The
time reference for each block of 8192 samples must be
csampl es
common across the array. o f any sampling time skew ispresent, it is assumed to have been removed by appro-

priate interpolation as each of the data files for each
hydrophone has been formed. Since data from only one
hydrophone at a time is processed, all the hydrophone
data may be accessed having only one file open at a
time.

2. The 8192 samples from each hydrophone file are fed to
an array processor, AP-120B, where the frequency spec-
trum is computed. The 8192 real samples are trans-
formed into 4096 complex frequency samples (positive
frequency). The time samples are windowed prior to FFT
processing.

3. Frequency spectrum information is transferred back to
memory where it is reordered to implement the first
half of a corner turning operation. (see Fig. 2)

frequency lplectrumf3~o f ftrot hyd cpomh

XIXR ... X84 Y2Ys ... Y9 Z2~ ... Z24

3 Xxu ... Xm TYo ... Ye Z" ... Zim

hydrophones hydrophone hydrophones

fig. 2 MEMORY MP

4. The reordered data is written to disk in a contiguous
fashion. Data written to disk comes from a 2,097,152
byte array in "core". Sectors on disk contain 512
bytes.

5. Steps 1-4 are repeated until all hydrophone data has
been processed.

7
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I

2.2 Spatial Processing

I At this point a 2-dimensional Spatial FFT can be performed
across the array for any frequency cell of interest. The pro-
cessing performed is shown in Figure 2 and outlined below. It
is important to note that all data to be spatially processed is
read from disk. While the temporal transform operates on 8192
real data samples to produce 4096 complex frequency samples, the
spatial transform will generally process fewer than the full
4096 frequency samples. For each frequency sample selected, the
operations described below are performed.

1. Once the frequency cell has been selected, data is read
off the disk into memory and the second half of the
corner turning operation is performed. This time data
is randomly accessed to obtain all data for that fre-
quency cell. (see Fig. 3)

II

* I .. 6IYY . Y64 Z&Z2 ... Z14
fo frequency X i I
these mctwars
are accesed

Reut 0 dis sees . n YN X Y ... Yin, ZZ ... Zm

fig. 3 DIK

I

2. The frequency information is then transferred from mem-
ory to the array processor, where the Spatial FFT is
performed. Here the frequency information is loaded,
occupying one quarter of the available array space.
The remaining space is filled with zeroes. An FFT is
performed along one axis# and then the other; as in
Fig. 4. The wave number-frequency information is re-
turned to memory.

I
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3. The power is computed for each cell in wave
. . number-frequencV space and then averaged across similar

computations performed for different time windows. The
result is a 3-dimensional, averaged, wave
number-frequency spectrogram.

I
:.0 Time Analysis of Wave Number Technique

This section is devoted to analyzing how long the frequency
wave number analysis will take for different constraints. For

5iease of understanding the approach is divided into 2 parts and
illustrated in Fig. 5. The first portion of the processing in-
volves the computation of the Temporal FFT and includes these
subgroups:

1. Read time data off disk.

2. Transfer data from memory to array processor.

3. Perform.Temporal FFT.

4. Transfer data from array processor to memory and reord-
er- data.

5. Write data from memory to disk.

The second portion of the processing involves the computation of
., the Spatial FFT which includes these subgroups:

-- 7-
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1. Read data off disk, random access.

j 2. Transfer data from memory to the array processor.

3. Perform Spatial FFT.

4. Transfer data from the array processor to memory.

5. Averaging, read data off disk.

6. Averaging, computation time.

7. Averaging, write data to disk.

Additionally disk and AP-120B storage requirements are analyzed.

I It is expected that there will be variations in the times
and memory requirements computed in this section. In particu-
lar, when the processing is implemented# implementational trade-
offs may result in more memory being used or more time expended.
Such variations should be small.

Fig. 5a Temporal FFT Processing

I
OUPU

NFig. 5b Spatial FFT Processing
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3. 1 Temporal FFT Time Analysis Description

This section provides the reader with a detailed timing
breakdown of the Temporal FFT process. For each step in the
process an equation is shown describing the time involved.
Temporal processing is performed one hydrophone at a time. The
equations which follow compute the total time to perform the
temporal processing for ALL hijdrophones. The total time for the
Temporal FFT process is the sum of all the steps. In addition
section 3. 1.68 describes disk space requirements for storing the
results of the temporal processing, while 3. 1. 7 examines array
processor storage requirements.

Selection of the number of time samples from each hydra-
phone to be processed will be made based on a tradeoff betweenI the modal density and the interval over which the process rema-
ins quasi-stationary. Since it is assumed that there are
2,097. 152 bytes of RAM in the VAX which can be used to assemble
temporal FFT results, it is convenient to assume that the tempo-

-- ral FFT is performed on 8192 time samples. This choice, com-
bined with the given disk sector size of 512 bytes, permits the
temporal results to be sorted so that each frequency cell is as-!' signed to a different block of 512 bytes, resulting in each fre-
quency cell having its own assigned sector.

3.1.1 Read Time Data off Disk -

This section describes the time necessary to read a block
of temporal data from disk. It is assumed that the temporal
data from each hydrophone has already been "corner turned" andI stored into a contiguous file on disk. The times which follow
are also based on being able to read multiple contiguous records
from a single track without expending additional rotational la-
tency time. To achieve this, it will be necessary to write spe-
cial disk routines which manipulate the disk controller appro-
priately to achieve this. FORTRAN I/O could be used with a com-
mensurate time penalty. A decision on the type of I/0 will be
made when the detailed design is done.

The timing estimate below is based on the average seek time
of 33ms. Worst case disk rotational time will be used. The
worst case disk rotation time is l7ms. It is assumed that when
reading or writing data to disk, a head switch can be achieved

_ with no penalty but if a cylinder switch is required, it is ne-

cessary to loose one revolution.

-9-



I

Al - N * ((H1 * R) + K3

where: N - no. of hydrophones
R - Worst case disk rotational time (17ms)
K3 = Average seek time (33ms)
HI - average number of rotations to transfer 16KB

(taken to be 1.52871)

3.1.2 Transfer data from memory to array processor -

This section describes the time it takes to transfer the
6192 time samples/hydrophone from memory to the array processor.

A2= N * K7 / V

where: N = no. of hydrophones
K7 - no. bytes to transfer/hydrophone (16384)
V = data transfer rate from VAX to Array Processor

U
3.1.3 Perform Temporal FFT -

This section describes the time it takes the array proces-

sor to compute the Temporal FFT. This computation is divided
into three sections.U

a. Window: the data is multiplied by a
window function already residing in the AP-120B. It
is assumed that an arbitrary window function may be
loaded once and used for all temporal computations.

b. FFT: the time to compute the 4096 point
complex FFT. The 8192 time samples have been packed
alternately into the real and imaginary words of the
FFT input buffer.

c. Real FFT Step: a cleanup operation to
produce the final positive w portion of the trans-
form from the results of step (b) above.

A3 N * T1 * M /2 (Window)
+ N * Ti * M * log (M) / 2 (FFT)
+ N * T1 * M /2 (Real FFT Step)

* -10-
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I

where: N = no. hydrophones
T1 = time/point/pass (taken at 1.46 us)
M - no. of FFT cells (4096)

and where log () is log base 2.

5 3.1.4 Transfer Data from Array Processor to Memory and Reorder
Data -

This section describes the time required to transfer the
frequency output information from the AP-120B back to buffer
storage in main memory. The type of data to be transferred is
floating point. In addition to the transfer operation, the data
must be reordered as shown in fig. 2. This step requires a
small loop which takes each datum as it is recieved and deter-
mines the position it will assume in memory. One iteration of
this loop is accounted for in "L" and an example of such a loop
is given.

A4 = N * (KS / V + K9 * L)

where: N = no. hydrophones
K8 = no. bytes to transfer/hydrophone (32768)
V = array processor to VAX transfer rate
K9 = no. words to sort/hydrophone (K9=K8/4)
L = time to sort one word of data

Ex. LOOP MOVE.L (ADDR1)+,(ADDR2)
-ADD.L #512,ADDR2
DEC D1
BNE LOOP

Here: ADDRI= address of input information
ADDR2- address of output information
D1- counter (no. of input data left to transfer)

3.1.5 Write Data from Memory to Disk -

This section describes the time it takes to copy frequency
information from buffer memory to disk. This operation is per-
formed once for ever 64 operations of section 3.1.1-3.1.4. The
total buffer length is 2,097,152 bytes or 186.18 full tracks of', data. As above, it is assumed that the temporal processing re-

* -11-



suits in 4096 frequency cells as output. To facilitate proper
addressing of the records during the read phase of the corner
turning between temporal and spatial processing, a full
2,097,152 byte buffer will always be transferred to disk, inde-
pendent of the amount of the buffer actually filled. The number
of these buffers necessary to represent all the data is calcu-
lated and indicated by YV below.

To achieve maximum efficiency for the transfer, it will be
necessary to write some special routines which permit direct
write of a portion of a block of data to a full track on disk.
If this is done and if the data is stored in a contiguous file
on disks the worst case transfer time will be two disk rotations
per track, since one disk rotation will be lost every time the
heads are positioned to the next track. In addition, for each
buffer transferred, it is necessary to perform a random seek op-
eration. The time required by the operating system to set up
each record transfer is also considered. The total transfer
time is given below. For ease of understanding, use is made of
intermediate variables Yi, Y2, Y3, and Y4.

Y1 = (INT ((N - 1) * M * K2 / S) + 1) (no. buffers)
Y2 = S / (01 * X) (no. tracks/buffer)
Y3 = INT (Y1 * Y2 / H2) (no. Cylinder boundaries)
Y4 = Y1 * (S / KB) (no. of disk transfer setups)

A5 = Y1 * Y2 * R (Raw data transfer time, all buffers)
+ Y3 * R (time for all cylinder changes)
+ K3 * Y1 (time to perform initial seek, for

all writes)
+ Y4 * R (time for OS to set up transfer, for

all writes)

_ where: X = no. bytes/sector taken to be 512
K2 = no. bytes/FFT Frequency cell

R = Time for one disk rotation
M = no. of spectral points
N = no. of hydrophones
01 = no. sectors/track (22)
S = no. bytes in buffer (2097152)

IK3 = Average seek time (33 ms)
K = record size (32768)
H2 = no. tracks/cylinder

-12-
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3.1.6 Disk Space Requirements -

This section describes the disk space required for the Tem-
poeal FFT procedure. This calculation considers only the sto-
rage used as a result of the Temporal FFT process; it does not
include the initial hVdrophone data. The result is an integeral
number of buffers, represented in bytes, where each buffer is
2097152 bytes long.

3 B1 - (INT((CN - 1) * M * K2 ) / S ) + 1) * S

where: N = no. of hydrophones
M = no. of spectral points (4096)
K2 - no. of bytes/FFT cell (8)
8 = no. of bytes in VAX buffer (2097152)

3.1.7 Array Processor Storage Requirements -

This section describes the storage space required in the
AP-120B. The storage requirement is only that required for the
temporal data from one hydrophone plus that required to store
the window function. The storage will vary as the number of
time samples/hydrophone examined varies. The result is in
bytes.

S1 - N1 * 4 (output frequency data, floating point)
+ Ni * 2 (Window)

where: NI - no. of time samples/hydrophone.

I
3.2 Spatial FFT Time Analysis Description.

This section presents a detailed breakdown of the time re-
quired for the Spatial FFT process. Each part describes the am-
ount of time necessary to implement that piece of the process.
Although each 2-dimensional FFT is calculated independently for
each frequency cell selected from the temporal transform, these
equations reflect the time required for all iterations of that
step in the process based on the number of frequency cells which
are analyzed. It is assumed however that as much tine is re-
quired to perform a 12 x 12 FFT as is required for the 16 x 16.
The array processor performs FFTs quickly that are multiples of
2. For this reason in all of the following calculations, P and
Q (the hydrophone array dimensions) are rounded up to the next

* -13-



higher power of 2. The total time required for the Spatial FFT
process is the sum of all the steps. In addition section 3.2.8
describes disk space requirements for storing averaged data
while 3.2.9 describes array processor space requirements.

3.2.1 Read Frequency Data off Disk, Random Access. -

This section describes the time required to read all infor-

mation pertaining to a particular frequency cell for all hydro-
phones off disk and store it in buffer memoryi as shown in fig.
3. This step completes the corner turning operation and will
require disk sectors to be accessed randomly. Here 'INT ((N -
1) * K2 / X) + 1' represents the integral number of sectors oc-
cupied per frequency cell. This expression is used in many of
the computations that follow.

B = M (INT ((N - 1) * K2 / X) + 1) * (K3 + R/ 01)

where: M - no. of spectral points processed
N = no. of hydrophones
X = no. of bytes/sector
K2 - no. bytes/FFT cell
K3 - average seek time
01 - no. sectors/track
R - time for one disk rotation

3.2.2 Transfer Daa from Memory to Array Processor -

This section describes the time it will take to cransfer
frequency cell information for all hydrophones from buffer memo-
ry to the AP-120B.

C = M N K2 / V

where: M = no. of spectral points
N = no. of hydrophones
K2 =no. bytes/FFT cell
V = data transfer rate VAX to array processor

3.2.3 Perform Spatial FFT

This section describes the time it takes the array proces-
sor to compute the Spatial FFT. This computation is divided
into three sections. (see Section 2.2, Fig. 4) For practical

-14-
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purposes that concern the AP-120B, it is assumed that a 12 x 12
FFT will occupy a 16 x 16 area in the AP-120B and that it will
require the same time for computation as the 16 x 16. Therefore
in this timing computation, all values for P and G (the array
dimensions) are rounded up to the next higher power of 2. (i.e.
12 -> 16, 30 -> 32, etc.)

a. Window: the data is multiplied by a window function
already residing in the AP-120B. It is assumed that an arbitra-
ry window function may be loaded once and used for all temporal
computations.

b. X Spatial Processing: A linear FFT is performed.

C. Y Spatial Processing: A 2-dimensional FFT is performed
on the resultant linear FFT.

D - M * P * 0 * T1 (Window)
+ M * P * T1 * 0 * log (0) (X spatial proc. )
+ M * 2 * 0 * T1 * P * log (P) (Y spatial proc. )

where: M = no. of spectral points
P = no. hydrophones along X dimension
0 = no. hydrophones along Y dimension
TI = time/point/pass of FFT

and where log () is log base 2.

!
3.2.4 Transfer Data from the Array Processor to Memory -

This section describes the time necessary to transfer theFFT results from the AP-120B back to buffer memory. The type of

data to be transferred is floating point complex. As a result
of the zero filling (section 2.2, Fig. 4) used in the
2-dimensional FFT, 4 times the amount of data sent to the array
processor is returned.

SE = 4 *M *N2 * K2 / V

where: M = no. of spectral points
V- N2 = no. hydrophones (P & 0 rounded up)

K2= no. bytes/FFT cell
V = transfer rate Array processor to VAX

-N5
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U 3.2.5 Averaging, Disk Read -

The following describes the time required to read spectro-
gram information off disk for averaging purposes. Spectrotram
data is longword floating point and is assumed to be recovered
off disk in a contiguous fashion. The data is arranged so that
the first data point begins at the start of a track. It is al-
ways assumed that each frequency cell's block of wavenumber data
occupies an integral number of tracks so that the next cell's
data can start at the beginning of a track. Although this will
use additional disk memory, it will tend to minimize the access
time for the data. The time required to access the averaged
data for a single frequency cell will require two disk revolu-
tions for each track accessed plus a single average seek time to
reach the first track.

The complex FFT data is converted to longword floating
point notation prior to the magnitude-squared operation in order
to preserve as much precision as possible. To understand the
issue, consider that a normal floating point word has a 24 bit
magnitude value. If the word represents voltage (amplitude), at
8db per bit, the word can represent a dynamic range of 144db.
However, if the same floating point word is used to represent
magnitude squared (power), then 24 bits is only 72db, since
power is only 3db per bit. To maintain the full dynamic range,
the magnitude squared values will be represented by longword
floating point.numbers. For ease of understanding# use is made
of intermediate variables, Ul, U2.

U1 = INT (4*(N2 - 1) * K2 / X) + 1 (no. Sectors/freq cell)
U2 - INT (Ul * M / (01 * H2)) (no. Cylinder switches)

F - ((Ul * R / 01) + K3) * M (raw data xfer time + one
seek)

+ U2 * R (time for cylinder changes)

where: M = no. of spectral points
N2 = no. hydrophones (P & 0 rounded up)
X = no. bytes/sector
K2 - no. bytes/frequency cell
K3 = average seek time
01 = no. of sectors / track
R - Time for one disk rotation

. H2 - no. tracks/cylinder

I
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3.2.6 Averaging, Computation Time -

This section describes the time it takes to perform the
magnitude squared summation part of the averaging process. The
example indicates the algorithm suggested to compute the magni-
tude square value for each point in the spatial FFT result and
to average this data. This is performed for each cell selected
from the temporal FFT for processing. What remains is a one
time division to be performed at the end of the Spatial FFT pro-
cess.

F1 - M * N2 * K4 * K5

where: M - no. of spectral points
N2 no. hydrophones (P & 0 rounded up)
K5 : floating point magnitude**2 time, taken to

be 20 us, see example.
K4 = zero fill extensions, taken here to be 4

Ex: LOOP: Convert Real -> Double
Convert Imag -> Double
Double Real * Double Real
Double Imag * Double Imag
R**2 + 1**2 - MAQSQ
MAGSQ + AVE-> AVE
DEC D1

BNE LOOP

Here: R- real part
I- imaginary part3 D1 counter (4 * N)

3 3.2.7 Averaging, Write Data to Disk -

This section describes the time required to write the cur-* rent averaged spectrogram information from buffer memory back to
disk. The data is longword floating point and is written to
disk in a contiguous fashion. Note that during this write pro-
cess an average seek time is not needed as the head is already
in position. Although data transfer is contiguous, allowances
must be made for occasional cylinder changes and the time for
the head to move to an adjacent track if initially out of posi-
tion. For ease of understanding# use is made of intermediate
variables, U1, U2.

* -17-



I
UI - INT (4*(N2 - 1) * K2 / X) + 1 (no. Sectors/freq cell)3 U2 - INT (U1 * M / (01 * H2)) (no. Cylinder switches)

Q (UI * R / 01) * M (raw data transfer time)
+ U2 R (time for cylinder changes)
+ R * M (time to access data on

adjacent track)

where: M - no. of spectral points
N2 - no. hydrophones (P & 0 rounded up)
X = no. bytes/sector
K2 - no. bytes/frequency cell
01 = no. of sectors / track
R - time for one disk rotation
H2 = no. tracks/cylinder

I
3.2.8 Disk Space Requirements -

The following describes the additional disk space necessary
for the averaging portion of the Spatial FFT procedure. For
ease of understanding, use is made of the intermediate variable
U1. The result is in bytes.

UI = INT (4*(N2 - 1) * K2 / X) + 1 (no. Sectors/freq cell)

92 = U1i * M * X

where: M - no. of spectral points
N2 = no. hydrophones (P & 0 rounded up)
X - no. bytes/sector
K2 = no. bytes/frequency cell

U

3.2.9 Array Processor Storage Requirements -

The following is a description of the storage requirements
of the AP-120B during Spatial FFT processing. The storage will
vary as the number of hydrophones examined varies. The result
is in bytes. The factor of 4 in the output spectrogram data is
a storage requirement introduced by the 2-dimensional FFT.

62 - N2 * K7 * 4 (output spectrogram data)
+ N2 * K7 (window)

-18-
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where: N2 = no. hyjdrophones (P & Q rounded up)

K(7 =no. bytes/floating point word

4.0 Recommendations

in The data presented in this report is based on a preliminary
software design for the frequency# wave-number processing. Data
pro- and post-processing have not been addressed. For complete-
nesse it is recommended that the following tasks be performed.

11. Perform a detailed design for the frequency#
wave-number processing.

-2. Perform a detailed design for the input data processing
- portion of the sysatem. An important aspect of this de-

sign will be handling the problem of data corner turn-
ing.

3. Perform a detailed design for data post-processing.
Such a design would address issues of displays data
formatting, data reduction, etc.

in 4. Update the sizing study to reflect the results of the
* design efforts.

IN
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I

5.0 Appendix I

I A BASIC program has been written to evaluate the equations
associated with temporal processing. The number of temporal po-
ints processed per hydrophone is taken as 8192. This section
contains projected timing results for the Temporal FFT process
and memory requirements. The results are in tabular form and

* indicate analysis for each part of the Temporal FFT as discussed
in section 3.1. They include specific breakdowns of times and
memory requirements for several possible hydrophone array sizes.

2
U

I.

I
I

I
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On. ..-.. 7 . - -. 7 -7

IIS REM DYNRTRON CORP. ±1./15/83
15 REM VAX3A/BAS
20 REM WRITTEN BY JAN DOLRNSKV
30 REM THIS PROGRAM COMPUTES THE TIME INVOLVED TO COMPLETE
40 REM VARIOUS PARTS OF THE TEMPORAL FFT PROCESS.
59 REMI 9 GREM
70 REM CONSTANTS USED:
eO REM L, PROCESSING TIME TO PERFORM PRESORT OF ONE FREQUENCYI 90 REM CELL
169 REM S- AMOUNT OF ARILABLE RAM SPACE FOR DATA.
1 REM V- ARRAY PROCESSOR DATA TRANSFER RATE.I ±30 REM Ti- TIME/POINT/PASS OF FFT.
131 REM R- WORST CASE DISK ROTATIONAL TIME
132 REM K3- AVERAGE SEEK TIME
133 REM. Qi- 0 SECTORS/TRACK

1 34 REM X= * BYTES/SECTOR
±35 REM K2= * BYTES/FFT .CELL
136 REM K7- # BYTES TO TRANSFER/HYDROPHONE (BEFORE FFT)I 137 REM K8- * BYTES TO TRANSFER/HYDROPHONE (AFTER FFT)
138 REM K9- S WORDS TO SORT/HYDROPHONE
139 RE" Hi- AVERRGE # OF ROTATIONS TO XFER 16KB (1. 52871)I 40 REM H2- TRRCKS/CYLINDER
L49 REM
158 REM VARIABLES:
160 REM P- LENGTH OF HYDROPHONE ARRAY.

-1 ±70 kEM Q= WITH OF ARRAY.
5 88 REM N- TOTAL NUMBER OF HYDROPHONES.

19 REM M- NUMBER OF SPECTRAL POINTS.
290 REM R- DISK READ TIME, ALL DATA, CONTIGUOUS.
218 REM A2= TRANSFER TIME FROM MEMORY TO AP-12OB
220 REM A3= FFT TIME.I 238 REM F#4- TRANSFER TIME FROM AP-120B TO MEMORY, REORDER.
240 REM F5= WRITE TIME FROM MEMORY TO DISK, CONTIGUOUS.
250 REM Bi- DISK SPACE REQUIRED.
270 REM Z- TOTAL PROCESSING TIME.3 276 REM Si- STORAGE SPACE REQUIRED OF AP-120B FOR TEMPORAL FFT
278 REM Ni- * OF TIME SAMPLES/HYDROPHONE
279 RE4 Yi= * BUFFERS
289 REM Y2- * TRACKS/BUFFER
28± REM Y3 - 0 CYLINDER BOUNDARIES
282 REM Y4- * OF DISK TRANSFER SETUPS
290 REM
295 REM
38 CMD"Z", "ON"
310 PRINT " TEMPORAL FFT PROCESSING"
320 PRINT
330 PRINT
340 PRINT "P s LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY"I359 PRINT
3"6 PRINT "PLEASE INPUT P";
370 INPUT P
380 PRINT "PLEASE INPUT Q"j
390 INPUT Q
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410B L-. 00,00105
438 V-160008I 458 PRINT
455 HI-. 52871I 456 H2=19
468 N-P*Q
461 K2-8
462 S=2097152
463 Q1=22

S464 X-512
465 R-. 0&7
468 K3=. 1033
478 TI-. 80080146
471 K7=16384
472 K8=32768

* 473 K9=K8/4
488 PRINT "* OF HYDROPHONES IS ", N
498 PRINT "PLEASE INPUT NUMBER OF SPECTRAL POINTS";I 58 INPUT M
510 AI=N*((HI*R)+K3)
528 A2=N*K7?V

* t38 A3=N*TI*M*(LOG(M)/LOG(2) )/2+(N*Ti*M/2)+(N*TI*M/2)
548 A4=N*(K8/V+K9*L)
541 YI=INT((N-I)*M*K2S)+lI 542 Y2=S?(QI*X)
543 Y3=INT(YI*Y2?H2)
544 Y4=YI*(S/K8)

-558 A5=YI*Y2*R+Y3*R+K3*YIL+Y4*RE56081IINTC(K2*M*(N-)/S)+I)*S
562 NIL=M*2c565 S=L4N*E 570 PRINT "FFT TRASFER RATE OF ";YV,' BYTES/SEC."
598 PRINT 5, "BYTES OF AVAILABLE RAM SPACE."
688 PRINTE 610 PRINT "READ TIME DATA OFF DISK&', TAB(25); Al,"SEC", TAB(43); AI/3600; "HOURI
628 PRINT "TRANSFER DATA TO AP-120B=$; TAB(25), A2,"SEC"; TAB(43); A2/3600, "HOUF
638 PRINT "PERFORM FFT="; TAB(25), A3; "SEC", TAB(43); A3/3600; "HOURS",
640 PRINT "WRITE TO MEMl, REORDER=", TAB(25), A4; "SEC"; TAB(43)4, 43600; "HOURS",I 658 PRINT "WRITE TO DISK=",TRB(25); AS,"SEC", TAB(43); A5/3600; "HOURS"

C668 Z-AI+A2+A3+R4+A5
678 PRINTU68M PRINT "THE WHOLE PROCESS WILL TAKE "; Z;" SEC. OR "l, Z3600; "HOURS."l

r698 PRINT: PRINT "TOTAL DISK REQUIREMENT, TEMPORAL FFT IS ". Bl; "BYTES."1
695 PRINT "TOTAL AP-120B STORAGE REQUIRED, TEMPORAL FFT IS "; Sl;"BYTES."1I708 CMD"Z", "OFF"
718 LPRINT CHRS(13)
728 INPUT X9
738 IF X9 <> 8 THEN 710I'748 GOTO 300
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j TEMPORAL FFT PROCESSING

P = LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

PLEASE INPUT P? 6
PLEASE INPUT Q? 6

* OF HYDROPHONES IS 36
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4096
FFT TRRSFER RATE OF 1.6E+06 BYTES/SEC.

2.09715E+06 BYTES OF AVAILABLE RAM SPACE.

I READ TIME DATA OFF DISK= 2.12357 SEC 5.89881E-04 HOURS
TRANSFER DATA TO RP-12OB= .36864 SEC 1.024E-04 HOURS
PERFORM FFT= 1.507 SEC 4.18611E-04 HOURS
W RITE TO MEM, REORDER= 2.21184 SEC 6.144E-04 HOURS
WRITE TO DISK= 4.43909 SEC 1.23308E-03 HOURS

: THE WHOLE PROCESS WILL TAKE 10.6501 SEC. OR 2.95837E-03 HOURS.

TOTAL DISK REQUIREMENT, TEMPORAL FFT IS 2.09715E+06 BYTES.
TOTAL AP-120B STORAGE REQUIRED, TEMPORAL FFT IS 49152 BYTES.

B

TEMPORAL FFT PROCESSING

SP = LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

' PLEASE INPUT P? 12
PLEASE INPUT Q? 12

OF HYDROPHONES IS 144
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4096
FFT TRASFER RATE OF 1.6E+06 BYTES/SEC.
2.097i5E+06 BYTES OF AVAILABLE RAM SPACE.

I READ TIME DATA OFF DISK= 8.49428 SEC 2.35952E-03 HOURS
TRANSFER DATA TO AP-120B= 1.47456 SEC 4.096E-04 HOURSI PERFORM FFT- 6.028 SEC 1.67444E-03 HOURS
WRITE TO MEM, REORDER= 8.84736 SEC 2.4576E-03 HOURS
WRITE TO DISK= 13.3513 SEC 3.70869E-03 HOURS

THE WHOLE PROCESS WILL TAKE 38. 1955 SEC. OR .0106099 HOURS.

( TOTAL DISK REQUIREMENT, TEMPORAL FFT IS 6. 29146E+06 BYTES.
TOTAL AP-±208 STORAGE REQUIRED, TEMPORAL FFT IS 49152 BYTES.
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I
TEMPORAL FFT PROCESSING

P LENGTH OF HYDROPHONE ARRAY, 0 = WIDTH OF ARRAY

PLEASE INPUT P? 16
PLEASE INPUT Q? 16

* OF HYDROPHONES IS 256
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4096' FFT TRRSFER RATE OF 1.6E+06 BYTES/SEC.
2.09715E+06 BYTES OF AVAILABLE RAM SPACE.

READ TIME DATA OFF DISK= 15. 109 SEC 4. 1947±E-03 HOURS
TRANSFER DATA TO AP-12OB= 2.62144 SEC 7.28178E-04 HOURS
PERFORM FFT= ±0. 7164 SEC 2. 97679E-03 HOURS
WRITE TO MEM, REORDER= 15.7286 SEC 4.36907E-03 HOURS
WRITE TO DISK= 17.8074 SEC 4.94649E-03 HOURS

THE WHOLE PROCESS WILL TAKE 61.9748 SEC. OR .0172152 HOURS.

TOTAL DISK REQUIREMENT, TEMPORAL FFT IS 8.38861E+06 BYTES.
TOTAL RP-128B STORAGE REQUIRED, TEMPORAL FFT IS 49152 BYTES.

I

TEMPORAL FFT PROCESSING

3 P = LENGTH OF HYDROPHONE ARRAY, 0 = WIDTH OF ARRAY

PLEASE INPUT P? 16
~ PLEASE .INPUT Q? 32

# OF HYDROPHONES IS 512U PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4996
FFT TRASFER RATE OF 1.6E+06 BYTES/SEC.

2.09715E+06 BYTES OF RVRILRBLE RAM SPACE.

READ TIME DATA OFF DISK- 30. 2019 SEC 8. 38941E-03 HOURS
TRANSFER DATA TO RP-120B= 5. 24288 SEC 1.45636E-03 HOURS
PERFORM FFT= 21.4329 SEC 5.95358E-03 HOURS
WRITE TO MEM, REORDER= 31. 4573 SEC 8.738±3E-03 HOURS
WRITE TO DISK= 35. 6147 SEC 9. 89298E-03 HOURS

i THE WHOLE PROCESS WILL TAKE 123. 95 SEC. OR .0344305 HOURS.

TOTAL DISK REQUIREMENT, TEMPORAL FFT IS 1. 67772E+07 BYTES.I TOTAL RP-120B STORAGE REQUIRED, TEMPORAL FFT IS 49152 BYTES.

U -24-
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6.0 Appendix II

I A BASIC program has also been written for evaluation of the
equations associated with spatial processing. This appendix
contains estimated timing results and memory requirements for
the Spatial process. The results are in tabular forms describ-
ing the value associated with each equation discussed in section
3.2. Although the temporal processing always generates 4096
frequency cells, it may be desirable to process only a portion
of this data. Three sets of tables are presented. Computations

* have been performed for processing 1024, 2048 and 4096 temporal
frequency cells. For each of the three values associated with
the number of temporal points, several different values have
been selected for P and 0., the number of hqjdrophones in the X
and Y directions.

01

-25



10 REM DYNATRON CORP. ±1/15/83
20 REM V:X3B/BAS
39 REM WRITTEN BY JAN DOLRNSKY
40 REM THIS PROGRAM COMPUTES THE TIME INVOLVED TO COMPLETE
50 REM VARIOUS PARTS OF THE SPATIAL FFT PROCESS.
68 REM
70 REM
80 REM CONSTANTS USED:
90 REM L- PROCESSING TIME TO PERFORM PRESORT OF ONE FREQUENCY
I80 REM CELL
i 10 REM T= AMOUNT OF AVAILABLE RAM SPACE FOR DATA.

120 REM V= ARRAY PROCESSOR TRANSFER RATE.
I 30 REM Ti= TIME/POINT/PASS OF FFT.

140 REM X= * BYTES/SECTOR
150 REM K3= AVERAGE SEEK TIEM! 68 REM K4= * OF ZERO FILL EXTENSIONS
170 REM K2= * BYTES/FFT CELL
±80 REM R= WORST CASE DISK ROTATIONAL TIME
198 REM K5= FLOATING POINT MAGNITUDE**2 EXECUTION TIME

- 20 REM 01= * SECTORS/TRACK

.210 REM K7= # BYTES/FLOATING POINT WORD
220 REM H2= * TRACKS/CYLINDER
238 REM
240 REM VARIABLES:
250 REM P= LENGTH IF HYDROPHONE ARRAY.
260 REM Q= WIDTH OF ARRAY.
270 REM M= TOTAL NUMBER OF SPECTRAL POINTS.
280 REM N= P * Q = # OF HYDROPHONES IN ARRAY.
298 REM B= READ DISK TIME, RANDOM ACCESS.
380 REM C= TRANSFER TIME, MEMORY TO AP-1208.
3±0 REM D= FFT TIME.
329 REM E= TRANSFER TIME, AP-120B TO MEMORY.
338 REM F= READ DISK TIME, RANDOM ACCESS, AVERAGING PROCESS.
348 REM Fi= COMPUTATION TIME, AVERAGING PROCESS.

. 358 REM G= WRITE DISK TIME, RANDOM ACCESS, AVERAGING PROCESS.
368 REM S2= TOTAL FP-±28B STORAGE REQUIREMENTSI 370 REM B2- SPATIAL FFT DISK REQUIREMENTS
380 REM U±= # SECTORS/FREQUENCY CELL
390 REM U2= # CYLINDER SWITCHESI 400 REM N2- # HYDROPHONES (USES ROUNDED UP P & Q)
410 REM
420 REM
430 CMD"Z","ON"
440 PRINT" SPATIAL FFT PROCESSING"
45e PRINT:PRINT
469 PRINT "P = LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY"

S478 PRINT
480 PRINT "PLEASE INPUT P";
490 INPUT P

I 50 PRINT "PLEASE INPUT Q";
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5±8 INPUT-0P528 L-.0800085
5380 H2=19
548 S-2897152
558 X=512
568 K3m. 033

598 R=.01±7
688 01=22

S 6±8 K5=.0082
628 K7=4
!538 V=160000
648 PRINTI i658 N=P*Q
660 T±=.008±046
i578 PRINT "# OF HYDROPHONES IS "; NI 80 PRINT "PLEASE INPUT NUMBER OF SPECTRAL POINTS"1;
$90 INPUT MI
788 GOSUB ±8098

->7±8 N2=P*o
728 B=M*(INT((N-i)*K2/X)+i)*CK3+R/Q±)
738 C=M*N*K2/V
748 D=M*P*Q*Ti+M*(P*TI*Q*(LOO (Q)/LOG(2) )+2*0*(T±*P*(LOG(P)/LOG(2))))
750 E=4*M*N2lK2/VI768 U±L=INT(4*(N2-±.)*K2/X)+±i
778 U2=INT(U±L*M/(Q±L*H2)>
760 F=( (U±*R/01) .eK3) *M+U2*R

S 798 0= (UI*R/01.) *M+U2*R+R*M
" 88B2=U±L*I*XI8i0 52=N2*K7*4+N2*K7
828 PRINT "FFT TRASFER RATE OF ", V"l BYTES/SEC."
8380 PRINT 5; "BYTES OF AVAILABLE RAM SPACE."
848 PRINTI 858 PRINT "READ DISK, RANDOM ACCESS="A TAB(25), B1 "SEC", TAB(43); B/3600; "HOUR
868 PRINT "TRANSFER MEM TO AIP-±20B="; TABr25); C; "SEC", TAB(43); C/3600, "HOUR
878 PRINT "FFT TIME-"; TAB(25>; D,"SEC"1 TAB(43); D/3600; "HOURS"II88 PRINT "TRANSFER RP-12OB TO MEM="$;TAB(25) E "SEC"; TAB(43)1 E/3608, "HOUR

(898 PRINT "AVERAGING, READ DISK=",TAB(25);F,"SEC",TAB(43);F/3600;"HOURS"
908 FI=M*N2*K4*K5

*9±80 PRINT "AVERAGING, COMPUTATION=", TAB(25)1 Fl, "SEC", TAB(43), F±/3688, "HOUR
(920 PR INT " AVERAG ING, WR ITE D ISK";1 TAB (25); G; " SEC "; TAB (43 ); G/3600; " HOURS"

P'39 Z-B+C+D+E+F+G+F±
948 PRINTU,958 PRINT "THE WHOLE PROCESS WILL TAKE ", Z; "SEC OR ", Z/3600, "HOURS."1
968 PRINT
978 PRINT "TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS ", B2. "BYTES."IX ~ PRINTTOTAL RP-128 STORAGE-REQUIRED1 SPAT IAL FFT PROCESS IS ", S2;l"BYTE

990'CD"Z", UcFFN

1909 LPRINT CHR*(±3)
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I 1018 INPUT X9
£828 IF X9 <> 0THEN 1008
1838 GOTO 438
1 848 REM
ISM85 REM
±808 REM THIS SUBROUTINE ROUNDS P AND 0 UP TO THE NEXT
±870 REM LOGARITHMS RETURNED ARE ROUNDED UP TO THE NEXT INTEGER
I8S8 REM HIGHEST POWER OF 2

-1±88 GOSUB 1200
118 IF J=INT(J) THEN 1148
1 128 J=INT(J+±)
11380 Q=2C J
1148 ZI=P
158 GOSUB ±208I i160 IF J=INT(J) THEN ±198
i±170 J=INT(J+±L)
1188 P=2EJIs198 RETURN
1288 J =LOG(Zl)/LOG(2)

1218 RETURN
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I

SPATIAL FFT PROCESSING

I P - LENGTH OF HYDROPHONE ARRAY, 0 = WIDTH OF ARRAY

PLEASE INPUT P? 6
PLEASE INPUT Q? 6

OF HYDROPHONES IS 36
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 1024
FFT TRASFER RATE OF 1. 6E+06 BYTES/SEC.
2. 0975E+06 BYTES OF AVAILABLE RAM SPACE.

READ DISK, RRNDOM ACCESS- 34. 5833 SEC 9. 60646E-03 HOURS
TRANSFER MEM TO RP-120B- . 18432 SEC 5. 12E-05 HOURS

* FFT TIME= . 956826 SEC 2. 65785E-04 HOURS
TRANSFER RP-120B TO HEN= 1.31072 SEC 3.64889E-04 HOURS
AVERAGING, READ DISK= 37. 1101 SEC .0103084 HOURS
AVERAGING, COMPUTATION- 5.24288 SEC 1.45636E-03 HOURS
AVERAGING, WRITE DISK- 20. 7261 SEC 5. 75725E-03 HOURS

THE WHOLE PROCESS WILL TAKE 100. 114 SEC OR .0278095 HOURS.

I TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 2. 09715E+06 BYTES.
TOTAL RP-128B STORAGE REOUIRED, SPATIRL FFT PROCESS IS 1280. BYTES.I

3SPATIAL FFT PROCESSING
U P - LENGTH OF HYDROPHONE ARRAY, 0 = WIDTH OF ARRRY

PLEASE INPUT P? 12
"l PLEASE INPUT ?. 12

OF HYDROPHONES IS 144
PLE SE INPUT NUMBER OF SPECTRAL POINTS? 1024
FFT TRRSFER RATE OF 1.6E+06 BYTES/SEC.
2.109715E+06 BYTES OF AVAILABLE RAM SPACE.

E READ DISK, RANDOM RCCESS= 103. 75 SEC .0288194 HOURS
TRANSFER HEN TO AP-120B- .73728 SEC 2. 048E-04 HOURS
FFT TIME- 4. 97549 SEC 1. 38208E-03 HOURSSTRNSFER AP-1209 TO MEM- 5. 24288 SEC 1. 45636E-03 HOURS
AVERAGING, READ DISK= 47. 1154 SEC .0130876 HOURS
AVERAGING, COMPUTATION- 20. 9715 SEC 5. 82542E-03 HOURS
AVERAGING, WRITE DISK- 30.7314 SEC 8. 53649E-03 HOURS

THE WHOLE PROCESS WILL TAKE 213. 524 SEC OR .0593122 HOURS.

STOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 8. 38861E+06 BYTES.
U TOTAL P-1020 STORAGE REQUIRED, SPATIRL FFT PROCESS IS 5120 BYTES.
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I
SPATIAL FFT PROCESSING

P = LENGTH OF HYDROPHONE ARRAY, 0 = WIDTH OF ARRAY

I PLEASE INPUT P? 16
PLEASE INPUT Q? 16

f * OF HYDROPHONES IS 256
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 1024
FFT TRRSFER RATE OF 1.6E+06 BYTES/SEC.I 2. 09715E+86 BYTES OF AVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS= 138. 333 SEC .0384259 HOURS
TRANSFER MEM TO AP-120B= 1.31872 SEC 3.64089E-04 HOURS
FFT TIME= 4.97549 SEC 1.38208E-03 HOURS
TRANSFER AP-120B TO MEM= 5. 24288 SEC 1. 45636E-03 HOURS
AVERAGING, READ DISK= 47. 1154 SEC .0130876 HOURSU AVERAGING, COMPUTATION= 20. 9715 SEC 5. 82542E-03 HOURS
AVERAGING, WRITE DISK= 30.7314 SEC 8.53649E-03 HOURS

I THE WHOLE PROCESS WILL TAKE 248. 68 SEC OR .0690779 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 8. 3886±E+06 BYTES.| TOTAL AP-120B STORAGE REQUIRED, SPRTIRL FFT PROCESS IS 5120 BYTES.

i
SPATIAL FFT PROCESSING

P = LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

IPLEASE INPUT P? 16
PLEASE INPUT Q? 32

* # OF HYDROPHONES IS 512
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 1024
FFT TRRSFER RATE OF 1. 6E406 BYTES/SEC.U 2. 09715E+06 BYTES OF AVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS- 276. 666 SEC .0768517 HOURS
TRANSFER MEM TO RP-1208= 2. 62144 SEC 7. 28178E-04 HOURS' FFT TIME= 10. 7164 SEC 2. 97679E-03 HOURS
TRANSFER RP-±288 TO MEM- 10. 4858 SEC 2. 9127±E-03 HOURS
AVERAGING, READ DISK- 60. 4387 SEC .0167885 HOURS

* AVERAGING, COMPUTATION- 41. 943 SEC . 016508 HOURS
AVERAGING, WRITE DISK- 44. 0547 SEC .0122374 HOURS

THE WHOLE PROCESS WILL TAKE 446. 926 SEC OR .124146 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 1. 67772E+07 BYTES.
TOTAL AP-±2SS STORAGE REQUIRED, SPATIAL FFT PROCESS IS 18240 BYTES.I
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7
SPATIAL FFT PROCESSING

P = LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

I PLEASE INPUT P? 32
PLEASE INPUT Q? 32

# * OF HYDROPHONES IS ±024
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 1024
FFT TRRSFER RATE OF 1.6E+06 BYTES/SEC.U 2.89715E+86 BYTES OF AVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS= 553.332 SEC .153783 HOURS
TRANSFER MEM TO AP-120B= 5. 24288 SEC 1. 45636E-83 HOURS
FFT TIME- 24.4947 SEC 6. 88489E-83 HOURS
TRANSFER RP-128B TO MEM= 28. 9715 SEC 5. 82542E-83 HOURS
AVERAGING, READ DISK= 87. 0855 SEC .0241984 HOURS
AVERAGING, COMPUTATION= 83. 8861 SEC .8233817 HOURS
AVERAGING, WRITE DISK= 78. 7815 SEC .8196393 HOURS

THE WHOLE PROCESS WILL TAKE 845.714 SEC OR .234921 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 3. 35544E+87 BYTES.| TOTAL AP-128 STORAGE REQUIRED, SPATIRL FFT PROCESS IS 28488 BYTES.

SPATIAL FFT PROCESSING

U P = LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

PLEASE INPUT P? 6
PLEASE INPUT Q? 6

I ,# OF HYDROPHONES IS 36
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 2848U FFT TRASFER RATE OF 1. 6E+86 BYTES/SEC.
2.89715E+86 BYTES OF RYRILABLE RAM SPACE.

READ DISK, RNDOM ACCESS- 69. ±666 SEC .0192129 HOURS
TRANSFER MEM TO RP-128B= .36864 SEC 1. 824E-84 HOURS
FFT TIME- 1. 91365 SEC 5. 3157E-84 HOURS
TRANSFER AP-128B TO MEM- 2.62144 SEC 7.28178E-04 HOURSI AVERAGING, READ DISK- 74. 2372 SEC .8286214 HOURS
AVERAGING, COMPUTATION- 10.4858 SEC 2.91271E-83 HOURS
AVERAGING6 WRITE DISK- 41.4692 SEC .8115192 HOURS

I THE WHOLE PROCESS WILL TAKE 280.262 SEC OR .8556284 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 4. ±943E+06 BYTES.
TOTAL RP-1208 SJORAGE REQUIRED, SPRTIAL FFT PROCESS IS ±288 BYTES.
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I
SPATIAL FFT PROCESSING

P - LENGTH OF HYDROPHONE ARRAY, Q - WIDTH OF ARRAY

I PLEASE INPUT P? 12
PLEASE INPUT Q? 12

I # OF HYDROPHONES IS 144
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 2048
FFT TRASFER RATE OF 1. 6E+06 BYTES/SEC.3 2.09715E+06 BYTES OF AVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS= 207.5 SEC .0576388 HOURSI TRANSFER MEM TO AP-120B= 1. 47456 SEC 4. 096E-04 HOURS
FFT TIME= 9. 95099 SEC 2. 764±6E-03 HOURS
TRANSFER RP-±20B TO MEM= t0.4858 SEC 2.91271E-03 HOURSS AVERAGING, READ DISK= 94.2307 SEC .0261752 HOURS
RVERAGING, COMPUTTION= 41. 943 SEC .0±±6508 HOURS
AVERAGING, WRITE DISK= 61.4627 SEC .0±7073 HOURS

i THE WHOLE PROCESS WILL TAKE 427. 047 SEC OR . li8624 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 1. 67772E+07 BYTES.
* TOTAL RP-120B STORAGE REQUIRED, SPATIRL FFT PROCESS IS 5120 BYTES.

I
I

SPATIAL FFT PROCESSING

U P = LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

I PLEASE INPUT P? 16
PLEASE INPUT Q? 16

I ,# OF HYDROPHONES IS 256
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 2048
FFT TRRSFER RATE OF 1.6E+06 BYTES/SEC.

2. 09715E+06 BYTES OF RVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS= 276.666 SEC .0768517 HOURS
TRANSFER MEM TO RP-120B- 2. 62144 SEC 7. 28178E-04 HOURSI FFT TIME= 9. 95099 SEC 2. 76416E-03 HOURS
TRANSFER RP-120B TO MEM= 10.4858 SEC 2.91271E-03 HOURS
AVERAGING, READ DISK- 94.2307 SEC .0261752 HOURS
AVERAGING, COMPUTATION- 41. 943 SEC .0106508 HOURS
AVERAGING# WRITE DISK- 61.4627 SEC .0±7073 HOURS

THE WHOLE PROCESS WILL TAKE 497. 36± SEC OR .±38156 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 1. 67772E+07 BYTES.
TOTAL FP-120B STORAGE REQUIRED, SPRTIAL FFT PROCESS IS 5120 BYTES.
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SPATIAL FFT PROCESSING

P - LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

I PLEASE INPUT P? 16
PLEASE INPUT Q? 32

I * OF HYDROPHONES IS 512
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 2048
FFT TRRSFER RATE OF 1. 6E+06 BYTES/SEC.

I a2.09715E+06 BYTES OF AVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS= 553. 332 SEC .153703 HOURS
TRANSFER MEM TO AP-120B= 5. 24288 SEC i. 45636E-03 HOURS
FFT TIME= 21. 4329 SEC 5. 95358E-03 HOURS
TRANSFER AP-120B TO MEM= 20.9715 SEC 5.82542E-03 HOURS
AVERAGING, READ DISK= 120. 877 SEC .0335771 HOURSI AVERAGING, COMPUTATION= 83. 8861 SEC .0233017 HOURS
AVERAGING, WRITE DISK= 88. 1095 SEC .0244749 HOURS

I THE WHOLE PROCESS WILL TAKE 893. 853 SEC OR .248292 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 3. 35544E+07 BYTES.
* TOTAL RP-120B STORAGE REQUIRED, SPATIAL FFT PROCESS IS 18240 BYTES.

I.

I SPATIAL FFT PROCESSING

l P = LENGTH OF HYDROPHONE ARRAY, Q - WIDTH OF ARRAY

UPLEASE INPUT P? 32
PLEASE INPUT Q? 32

I* OF HYDROPHONES IS 1824
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 2048
FFT TRRSFER RATE OF 1.6E+06 BYTES/SEC.
2.09715E+86 BYTES OF AVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS- 1106. 66 SEC .307407 HOURS
TRANSFER MEM TO RP-120B- 10.4858 SEC 2.91271E-03 HOURS

* FFT TIME= 48. 9895 SEC .0136082 HOURS
TRANSFER AP-1208 TO MEM- 41. 943 SEC .01i6508 HOURS
AVERRGING, READ DISK- 174. 188 SEC .0483855 HOURS
AYERAGING, COMPUTATION- ±67. 772 SEC .0466834 HOURS
AVERAGING, WRITE DISK- 141.42 SEC .0392833 HOURS

.THE WHOLE PROCESS WILL TAKE 1691. 46 SEC OR .469851 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 6. 71089E+07 BYTES.
TOTAL RP-t208 STORAGE REQUIRED, SPATIRL FFT PROCESS IS 20480 BYTES.
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SPATIAL FFT PROCESSING

U P N LENGTH OF HYDROPHONE ARRAY, 0 m WIDTH OF ARRAY

PLEASE INPUT P? 6
PLEASE INPUT Q? 6

#* OF HYDROPHONES IS 36
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4896

I FFT TRRSFER RATE OF 1.6E+86 BYTES/SEC.
2. 09715E+86 BYTES OF RVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS= L38. 333 SEC .8384259 HOURS
TRANSFER MEM TO RP-1288= .73728 SEC 2. 048E-84 HOURSIt
FFT TIME= 3.8273 SEC :1.86314E-83 HOURS
TRANSFER RP-128B TO MEM= 5.24288 SEC 1.45636E-03 HOURSI AVERAGING, READ DISK- 148. 491 SEC .8412476 HOURS
AVERAGING, COMPUTATION- 28. 9715 SEC 5. 82542E-83 HOURS
AVERAGING, WRITE DISK= 82. 9554 SEC .8238432 HOURS

3 .THE WHOLE PROCESS WILL TAKE 488. 559 SEC OR .111266 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 8. 38861E+86 BYTES.
TOTAL RP-128B STORAGE REQUIRED, SPATIAL FFT PROCESS IS 1288 BYTES.

I

SPATIAL FFT PROCESSING

P - LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

I PLEASE INPUT P? 12
PLEASE INPUT Q? 12

I .# OF HYDROPHONES IS 144
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4896
FFT TRASFER RATE OF 1. 6E+86 BYTES/SEC.
2.09715E+86 BYTES OF RVRILABLE RAM SPACE.

READ DISK, RRNDOM ACCESS= 414. 999 SEC . il5278 HOURS
TRANSFER MEM TO RP-120B= 2.94912 SEC 8.192E-04 HOURS
FFT TIME- 19.982 SEC 5.52833E-83 HOURS
TRANSFER AP-128B TO MEM= 28.9715 SEC 5.82542E-03 HOURSI AERAGING° READ DISK= 188. 461 SEC .8523584 HOURS
RVERRGING, COMPUTATION- 83. 8861 SEC .8233817 HOURS
AVERAGING, WRITE DISK= 122. 925 SEC .834146 HOURS

THE WHOLE PROCESS WILL TAKE 854. 895 SEC OR .237249 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 3. 35544E+07 BYTES.I TOTAL RP-t208 STORAGE REQUIRED, SPATIAL FFT PROCESS IS 5128 BYTES.
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SPATIAL FFT PROCESSING

P a LENGTH OF HYDROPHONE ARRAY, Q = WIDTH OF ARRAY

PLEASE INPUT P? 16
PLEASE INPUT Q? 16

E * OF HYDROPHONES IS 256
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4896

I FFT TRASFER RATE OF 1. 6E+06 BYTES/SEC.
a 89715E+86 BYTES OF AVAILABLE RAM SPACE.

READ DISK, RANDOM ACCESS= 553.332 SEC .153783 HOURS
TRANSFER MEM TO AP-120B= 5. 24288 SEC 1. 45636E-83 HOURS
FFT TIME= 19.982 SEC 5.52833E-03 HOURS
TRANSFER AP-120B TO MEM= 20.9715 SEC 5.82542E-83 HOURS
A AVERAGING, READ DISK= 188.461 SEC .8523584 HOURS
AVERAGING, COMPUTATION= 83. 8861 SEC .8233017 HOURS
AVERAGING, WRITE DISK= 122. 925 SEC .834146 HOURS

I THE WHOLE PROCESS WILL TAKE 994.722 SEC OR .276312 HOURS.

C TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 3. 35544E+07 BYTES.
TOTAL RP-128B STORAGE REQUIRED, SPATIAL FFT PROCESS IS 5128 BYTES.

I
SPATIAL FFT PROCESSING

U P = LENGTH OF HYDROPHONE ARRAY, 0 = WIDTH OF ARRAY

PLEASE INPUT P? 16I PLEASE INPUT Q? 32

* OF HYDROPHONES IS 512I PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4896
FFT TRASFER RATE OF 1. 6E+86 BYTES/SEC.
2.09715E+86 BYTES OF AVAILABLE RAM SPACE.

* READ DISK, RANDOM ACCESS- 1186. 66 SEC .387487 HOURS
TRANSFER MEM TO AP-120B= 18.4858 SEC 2.9±271E-83 HOURS
FFT TIME= 42. 8658 SEC .8119872 HOURS

* TRANSFER RP-120B TO MEM= 41.943 SEC .816588 HOURS
AVERAGING, READ DISK- 241. 772 SEC .8671589 HOURS
AVERAGING, COMPUTATION= 167.772 SEC .8466834 HOURS
AVERAGING, WRITE DISK- 176. 236 SEC .8489544 HOURS

THE WHOLE PROCESS WILL TAKE 1787. 74 SEC OR .496594 HOURS.

I TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 6. 71089E+87 BYTES.
TOTAL RP-128B STORAGE REQUIRED, SPATIAL FFT PROCESS IS ±8248 BYTES.
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SPATIAL FFT PROCESSING

P LENGTH OF HYDROPHONE ARRAY, 0 = WIDTH OF ARRAY

PLEASE INPUT P? 32
PLEASE INPUT Q? 32

I #OF HYDROPHONES IS t024
PLEASE INPUT NUMBER OF SPECTRAL POINTS? 4096

I FFT TRRSFER RATE OF 1.6E+06 BYTES/SEC.
2.09715E+06 BYTES OF AVAILABLE RAM SPACE.

READ DISKRANDOM ACCESS= 2213.33 SEC .614814 HOURS
TRANSFER MEM TO AP-12OB= 20.9715 SEC 5.82542E-03 HOURS
FFT TIME= 97.9789 SEC .0272164 HOURS
TRANSFER AP-208B TO MEM= 83. 8861 SEC .0233017 HOURSI AVERAGING, READ DISK= 348. 393 SEC .0967758 HOURS
AVERAGING, COMPUTATION= 335.544 SEC .0932068 HOURS
AVERAGING, WRITE DISK= 282.857 SEC .0785713 HOURS

I THE WHOLE PROCESS WILL TAKE 3382.96 SEC OR .939711 HOURS.

TOTAL DISK REQUIREMENT, SPATIAL FFT PROCESS IS 1. 34218E+08 BYTES.
TOTAL RP-120B STORAGE REQUIRED, SPATIAL FFT PROCESS IS 20480 BYTES.
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